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ABSTRACT
L . . Grouping
Nicotine has a wide range of toxic effects on neuronal and non-neuronal cells, Heavy smoker : (=20 cpd) : 7059, 7054, 9903, 10011, 10132,
including those on addiction and carcinogenic pathways through nicotinic in vivo { 1955, 1584, 14698, 15152
receptors and other not well-defined pathways. Using Affymetrix HG-U133A (18) ' Light smoker: (<18cpd) : 7058, 2699, 4839, 14696, 14370,

GeneChips, we investigated global gene expression in peripheral lymphocytes 14371, 14372, 15028, 15032

from 22 current healthy smokers. Isolated lymphocytes from blood, PHA-
stimulated cultured lymphocytes and PHA-stimulated Iymphocytes co-gultured
!ted

in V|tro Nicotine
(16) paired samples

with nicotine were assayed. Total RNA was is
purified with RNeasy kit. All other procedur
manufacture’s protocols. The array data were an
based on both statistical significance levels and fold-change differences. Arrays 1. Gene expression patterns after exposure to nicotine

that failed to pass several quality-control checkpoints were excluded. For Tab 1. Numbers of altered ge r nicotine treat
cultured lymphocytes in vitro, expression patterns of some 1789 genes were

significantly altered after exposure to nicotine for 4 hours. But only 99 were

= ] . . ps

nicotine-associated genes reported in the literature. A small subset of

approximately 74 genes had an absolute fold-change >1.5. Because nicotine is N/C 1789

the major component of cigarette smoking, we examined the transcriptomes of H/L 226 845 41
uncultured lymphocytes. Compared with light smokers, the heavy smokers who overlap 9 83 1(inversin)
smoked 20 cigarettes or more per day gave a different expression signature. A

sum of 845 genes were changed. Among them, 82 overlapped with the above @ %

1789 nicotine-associated genes and some were immune genes and oncogenes. £

About 226 had an absolute fold-change >1.5, but only 9 of which also appeared ) aldolase B, fructose-bisphosphate

in the list of 74 genes after nicotine treatment, few of which were nicotine- .. - | Eerinely Il Coiiroaa ) R —
related. These genes included phospholipase A2 receptor 1, PLC beta 1, ) E;’,;’;\%gggingt A
MCF2L2. The data from this study demonstrate that nicotine treatment in vitro n v-myc myelocytomnatosis viral relate...

myosin, heavy polypeptide 8, skelet.

changes a large set of gene expression pathways and more exposure to cigarette gb:AF117899.1 /D EF_HomD sapien.

2.

bhrra ardi Comprehen

Genes differentially expressed between heavy and light smokers

probe set  gene fold change P value

210417_s_ phosphatidylinositol 4-kinase, catalytic, beta pc 4.72 0.033134
213197_at astrotactin 4.05 0.019147
206249_at mitogen-activated protein kinase kinase kinase 3.38 0.010297
221212 _x_polybromo 1 2.36 0.027047
219753_at stromal antigen 3 2.13 0.034926
21043‘ sodlum channel wltage-gated, type Ill, alpha pt 2.09 0.031313

MTV integration site family, me 2 0.016462

age repair and recombination 1.93/ 0.008992

1.93 0.035923

noglo heavy constant gamma 3 (G3m 1.82 0.020544

212865_5_ collagen type XIV, alpha 1 (undulin) 1.81 0.026783
215546_at proteasome (prosome, macropain) 26S subunit, 1.81 0.017889
216227_at HCGII-7 protein 1.8 0.042728
221117_at ncaml 1.79 0.021129
221239_s_ SH2 domain containing phosphatase anchor prc 1.76 0.016604
211925_s_phospholipase C, beta 1 (phosphoinositide-spec 1.64 0.033642
204233_s_ choline kinase 1.63  0.00965
202859_x_ interleukin 8 -1.6/ 0.032496
202007_at nidogen (enactin) -1.65 0.025765
205403_at interleukin 1 receptor, type Il -1.68 0.022021
206120_at CD33 antigen (gp67) -1.78 0.027551
211054_at inversin -2.84 0.026074
201044 _x_ dual specificity phosphatase 1 -3.37 0.047136

3. Genes that are nicotine responsive both in in vitro and in vivo

smoking in vivo also causes a different gene expres| nat re. Those enes Gonssnsus Include: 01 937 I
that are nicotine responsive both in in vitro and in vi ‘ e
as potentially critically important in addiction or car \ S

amyloid beta (A4) precursor proteln—
RAS protein activator like 2
TFllA-alpha/beta-like factor

E ine N-methyltransferase
INTRODUCTION E: q :@ II l 'i ;
Nicotine is a major component of cigarette smoking. Currently it is also used expression of ost differentially expressed genes between the

for replacement therapy on smoking cessation and PREPS. nicotine-treated and cultured alone lymphocytes.
Nicotine has a wide range of toxic effects. It is regards as the major
addictive agent. Nicotine is also a survival agonist. Nicotine signaling can
occur as a result of activation of either the classical (nAchR) and/or non- Pathway Representative Genes Changes
classical (G protein-coupled) nicotine receptor pathways in non-neuronal cells.
However, human evidence for this is lacking.
In this study, we examined the gene expression signature of human

Tab. 2. Pathways and genes affected by nicotine treatment

Signal transduction G protein-coupled receptor 51 Up-regulated
1A-associated via death domain

Dual specificity phosphatase 1

MAPK 12

lymphocytes exposed to nicotine or cigarette smoke to identify some Caleium channel, alpha LA subnit
. . . Oncogenesis Cdk inhibitor 1A(p21, C1pl) Up-regluated
functional biological markers. RAS-felated on chromsome 22

RAS2, member RAS oncogene family-like
RASL14, member RAS oncogene family
GABAA receplor

MATERIALS AND METHODS
STEPS This study Potter JD Brody JS P re I

Cell motility FGF receptor 2 Up-regluated

Subjects smokers smokers smokers Integrin binding slaloprotien
v nonsmokers nonsmokers Myosin, light polypeptide 5, regulatory
Axonal transport of synaptic vesicles
Cells lymphocytes  leukocyte large airway Metabolism Histamine N-methyltransferse Up-regluated
epithelial cells Dopamine receptor D5
* Aldolase B, fructose-bisphosphate
Ubiqullin 3
Genes total RNA --- cDNA --- cRNA RNA binding and Histone 1, H2bb Down-regluated
metabolism NADH dehydrogenase flavoprotien 2, 24kDa
* Claudin 5

Gene Chip HG-U133A HU25K HG-U133A Porter activity Solute carrier family 6 Down-regluated
-w—w

Poaarenn rarrelatinn Ruvl&D | | Forkhead box A2 | |

-

w N

probe set gene change
215112 x_at | MCF.2 cell line derived transforming sequence-like 2 up-regulated
210194_at | phospholipase A2 receptor 1, 180kDa
216227_at | HCGII-7 protein

209991 x_at |G protein-coupled receptor 51
203849_s_at _ axonal transport of synaptic vesicles

213197_at  astrotactin

220192_x_at | prostate epithelium-specific Ets transcription factor
210718_s_at | NBR2

214394 x_at__ microt§e-hctin crosslinking factor 1

ntaining WD protein SWiP-1
968 nding lectin serine protease 2
20118 finger protein
00927_s ember RAS oncogene family

209592_s_at WD-VEpea& protein

tetraspanin similar to TMASF9
T-cell leukemia/lymphoma 1A
214107_x_at _ aminopeptidase puromycin sensitive

200731_s_at__ protein tyrosine phosphatase type IVA, member 1 down-regulated
214732_at | Spl transcription factor

221724_s_at | C-type lectin, superfamily member 6

203892_at | WAP four-disulfide core domain 2

210808 s_at |NADPH oxidase 1

202000_at  |NADH 1 alpha 6. 14kDa
205141_at  angiogenin, ribonuclease, RNase A family, 5

209686_at | S100 calcium binding protein, beta (neural)

204397_at __ echinoderm microtubule associated protein like 2

207918 s_at__testis specific protein, Y-linked

211054_at __inversin

SUMMARY AND CONCLUSIONS

. Nicotine treatment in vitro changes a large set of gene expression

pathways

. It is possible to distinguish between 18 heavy or light smokers on the

basis of MRNA expression in peripheral lymphocytes; More exposure
to cigarette smoking in vivo causes a biologically different gene
expression signature

. Those genes that are nicotine responsive both in in vitro and in vivo

deserve further attention as potentially critically important in
addiction or carcinogenic pathways, or both
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